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Resumo$HVWLPDWLYDGDFDSDFLGDGHGHUHWHQomRGHiJXDGHXPVRORpXPDSURSULHGDGHLPSRUWDQWHjDWLYLGDGH
DJUtFROD SRU HVWDU LQWULQVHFDPHQWH UHODFLRQDGD FRP D GLVSRQLELOLGDGH GH iJXD jV SODQWDV HVWUHVVH KtGULFR
FRQGXWLYLGDGHKLGUiXOLFDPDQHMRGH LUULJDomR HQWUH RXWUDV2VPpWRGRV H[SHULPHQWDLV SDUD OHYDQWDPHQWRGDV
FXUYDVGHUHWHQomRGHiJXDVmRUHODWLYDPHQWHSUHFLVRVPDVGHPDQGDPWHPSRHTXLSDPHQWRVGHFXVWRVHOHYDGRV
HDGHUrQFLDjUHDOLGDGHGHFDPSR2GHVHQYROYLPHQWRGHFunções de Pedotransferência )37VSDUDHVWLPDUD
UHWHQomRGDiJXDDSDUWLUSURSULHGDGHVEiVLFDVWULYLDOPHQWHDGTXLULGDVWHPVLGRXPDiUHDGHSHVTXLVDLQWHQVD
QDV~OWLPDVGpFDGDV1HVVHVHQWLGRRVPpWRGRVSDUDFRQVWUXomRGHensemble de 5HGHV1HXUDLV$UWL¿FLDLV51$V
PHUHFHPGHVWDTXHSHORSRWHQFLDOGHDPSOLDUDDFXUiFLDHDSUHFLVmRGDV)37VLQGX]LGDV5HVXOWDGRVSURPLVVRUHV
SDUDDSOLFDo}HVGHGLYHUVDVQDWXUH]DVWrPVLGRREWLGRVSRUensemblesFRQVWUXtGRVSRUXPPpWRGRGHQRPLQDGR
³baseado em rotação´5%Rotation-Based1HVVHFRQWH[WRRSURSyVLWRGHVWHWUDEDOKRIRLDYDOLDURGHVHPSHQKR
GRPpWRGR5%SDUDFRQVWUXomRGHensembleGH51$VYLVDQGRHVWLPDUDUHWHQomRGHiJXDHPVRORVGDPLFUREDFLD
KLGURJUi¿FDGRULEHLUmR&DQFKLP6mR3DXOR2VUHVXOWDGRVGHYDOLGDomRPRVWUDUDPTXHR5%REWHYHHUURDEVROXWR
VLJQL¿FDWLYDPHQWHLQIHULRUpYDORUDRGHXPD51$HDRXWURPpWRGRGHensembleBagging$YDULkQFLD
WDPEpPIRLUHGX]LGDSHORPpWRGR5%HRFRH¿FLHQWHGHGHWHUPLQDomRPpGLRIRLVXSHULRUD(VVHVUHVXOWDGRV
LQGLFDPTXHR5%pXPPpWRGRSURPLVVRUHDGHTXDGRSDUDDXPHQWRGDH[DWLGmRHSUHFLVmRGDV)37V
Palavras-chaveSHGRWUDQVIHUrQFLDensemblesUHGHVQHXUDLVUHWHQomRGHiJXDrotation-based.
PEDOTRANSFER FUNCTION BASED ON ROTATION-BASED ENSEMBLE FOR ESTIMATION OF 
SOIL WATER RETENTION
Abstract: 7KHZDWHUKROGLQJFDSDFLW\RIDVRLOLVDQLPSRUWDQWSURSHUW\IRUDJULFXOWXUDODFWLYLW\GXHWRLWVLQWULQVLF
UHODWLRQZLWK ZDWHU DYDLODELOLW\ WR SODQWV ZDWHU VWUHVV K\GUDXOLF FRQGXFWLYLW\ LUULJDWLRQPDQDJHPHQW DPRQJ
RWKHUV([SHULPHQWDOPHWKRGVIRU¿WWLQJFXUYHVRIZDWHUUHWHQWLRQDUHUHODWLYHO\DFFXUDWHEXWWKH\GHPDQGWLPH
FRVWVZLWKHTXLSPHQWDQGDGKHUHQFHWR¿HOG7KHGHYHORSPHQWRI3HGRWUDQVIHU)XQFWLRQV37)VIRUHVWLPDWLRQRI
ZDWHUUHWHQWLRQIURPEDVLFSURSHUWLHVWULYLDOO\DFTXLUHGKDVEHHQDQLQWHQVLYHUHVHDUFKDUHDLQUHFHQWGHFDGHV,Q
WKLVVHQVHPHWKRGVIRUEXLOGLQJDQHQVHPEOHRI$UWL¿FLDO1HXUDO1HWZRUNV$11DUHKLJKOLJKWHGEHFDXVHRIWKH
SRWHQWLDOIRULPSURYLQJWKHDFFXUDF\DQGSUHFLVLRQRI37)V3URPLVLQJUHVXOWVIRUVHYHUDODSSOLFDWLRQVKDYHEHHQ
REWDLQHGE\XVLQJHQVHPEOHVEXLOWE\DPHWKRGFDOOHGRotation-based5%,QWKLVFRQWH[WWKHSXUSRVHRIWKLV
VWXG\ZDVWKHSHUIRUPDQFHHYDOXDWLRQRIWKH5%PHWKRGIRUEXLOGLQJDQHQVHPEOHRI$11VDLPLQJWRHVWLPDWH
ZDWHUUHWHQWLRQLQVRLOVIURPWKHZDWHUVKHG&DQFKLP6mR3DXOR7KHUHVXOWVREWDLQHGIURPYDOLGDWLRQH[SHULPHQWV
VKRZHGWKDW5%PHWKRGREWDLQHGDQDEVROXWHHUURUVLJQL¿FDQWO\VPDOOHUSYDOXHFRPSDUHGWRDQ$11
DQGDOVRWRDQRWKHUHQVHPEOHPHWKRGBagging7KHYDULDQFHZDVUHGXFHGE\XVLQJ5%DQGWKHFRHI¿FLHQWRI
GHWHUPLQDWLRQZDVJUHDWHUWKDQ7KHVHUHVXOWVLQGLFDWHWKDW5%PHWKRGLVVXLWDEOHIRULQFUHDVLQJWKHDFFXUDF\
DQGSUHFLVLRQRI37)V
Keywords: SHGRWUDQVIHUHQVHPEOHVQHXUDOQHWZRUNVUHWHQWLRQRIZDWHUURWDWLRQEDVHG
1. Introdução
$SUHPHQWHH[SDQVmRGDSURGXomRDJUtFRODPXQGLDOWHPSURGX]LGRLPSDFWRVLPSRUWDQWHVQRVVRORVHV-
SHFLDOPHQWHQRVSDtVHVFRPRR%UDVLOTXHWHPRQHJyFLRGDDJULFXOWXUDFRPRPRWRULPDQHQWHGDHFRQRPLD$
LQWHQVL¿FDomRGDSURGXomRGHDOLPHQWRVHVWiGLUHWDPHQWHUHODFLRQDGDFRPXVRGDiJXD2SURGXWRUUXUDOH[SDQGHD
SURGXomRDJUtFRODSRUPHLRGHQWUHRXWUDVGRPDQHMRGHLUULJDomR(VWLPDVHTXHDSUR[LPDGDPHQWHGDiJXD
GRFHXWLOL]DGDSHORKRPHPVmRGHVWLQDGDVjLUULJDomR*8(55$HWDO
2V OHYDQWDPHQWRV UHDOL]DGRVHPVRORVEUDVLOHLURVH[LEHPXPTXDQWLWDWLYR UHODWLYDPHQWHDEXQGDQWHGH
GDGRVTXtPLFRVHPRUIROyJLFRVPDVDLQGDWtPLGRVHPWHUPRVGDVSURSULHGDGHVKtGULFDV$FDSDFLGDGHGHUHWHQomR
GHiJXDHPSRWHQFLDLVPiWULFRVHVSHFt¿FRVHDFRQGXWLYLGDGHKLGUiXOLFDVmRSURSULHGDGHVLPSRUWDQWHVSRUSHUPLWLU
DPHQVXUDomRGRÀX[RGHiJXDHGRVVROXWRVQDUHJLmRQmRVDWXUDGDGHXPVROR$HVWLPDWLYDGDFDSDFLGDGHGH
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UHWHQomRGHiJXDGHXPVRORpGHYHUDVFUXFLDODRVHVWXGRVGHGLVSRQLELOLGDGHGHiJXDjVSODQWDVGHOLQHDPHQWRGRV
SURMHWRVGHLUULJDomRHGUHQDJHPLQ¿OWUDomRFRQGXWLYLGDGHKLGUiXOLFDHVWUHVVHKtGULFRHPRYLPHQWRGHVROXWRV
$VFXUYDVGHUHWHQomRGHiJXDGRVRORGHVFUHYHPDUHODomRHQWUHFRQWH~GRGHiJXDHRSRWHQFLDOPDWULFLDOSRVVL-
ELOLWDQGRDREWHQomRGHRXWUDVSURSULHGDGHVLQHUHQWHV3RURXWURODGRRVPpWRGRVH[SHULPHQWDLVSDUDHODERUDomR
GHVVDVFXUYDVJHUDOPHQWHGHPDQGDPWHPSRFRQVLGHUiYHOUHTXHUHPHTXLSDPHQWRVRQHURVRVHRXDLQGDDSUHVHQ-
WDPOLJHLUDLQDGHTXDomRjUHDOLGDGHGHFDPSR:,//,$06HWDO2/,9(,5$ e 6$59$6,1HVVH
VHQWLGRRGHVHQYROYLPHQWRGHPRGHORVGHUHJUHVVmRFDSD]HVGHHVWLPDUDUHWHQomRGHiJXDDSDUWLUGHSURSULHGDGHV
EiVLFDVGRVRORGHREWHQomRWULYLDOHGHEDL[RFXVWRWHPVLGRXPDiUHDGHLQWHUHVVHTXH%RXPDGHQRPLQRX
como Funções de Pedotransferência )37V'LYHUVDVDERUGDJHQVWrPVLGRXWLOL]DGDVSDUDWUDWDUDV)37VQHP
VHPSUHJHUDQGRRVPHVPRVUHVXOWDGRV7RPDVHOODHFRODERUDGRUHVXWLOL]DQGRVHGHXPDDPSODEDVHGH
GDGRVGHUHWHQomRGHiJXDGHVRORVEUDVLOHLURVGHVHQYROYHUDP)37VFRPSDUDQGRVHGRLVPpWRGRVGRQGHXPGHOHV
PRVWURXVHVXSHULRU
1RERMRGDVSHVTXLVDVFRP)37VPRGHORVGHUHJUHVVmREDVHDGRVHP5HGHV1HXUDLV$UWL¿FLDLV51$V
WrPUHFHELGRGHVWDTXHSRUGHPRQVWUDUHPGHVHPSHQKRVVXSHULRUHVQDVHVWLPDWLYDVGDUHWHQomRGHiJXD6&+$$3 
e %287(13$&+(36.<HWDO$V51$VVmRPRGHORVFRPSXWDFLRQDLVLQVSLUDGRVQDHVWUXWXUDH
IXQFLRQDPHQWRVGRVQHXU{QLRVELROyJLFRV8PDIDVHGHWUHLQDPHQWRFRQIHUHj51$DFDSDFLGDGHGHUHFRQKHFHU
SDGU}HVHFODVVL¿FiORV2SRGHUGHLQGXomRGDQDWXUH]DPDWHPiWLFDLQHUHQWHDRVGDGRVWRUQDDV51$VFDSD]HV
GHDMXVWDUGHVGHIXQo}HVPDWHPiWLFDVVLPSOHVDIXQo}HVGHDOWDFRPSOH[LGDGHHVSHFWURTXHLQFOXLTXDOTXHU)37
8PGRVPRGHORVGH51$VXWLOL]DGRFRPR)37WHPVLGRD0/3GRLQJOrVMultiLayer PerceptronWUHLQDGDSHOR
algoritmo backpropagation580(/+$57HWDO$V0/3VDSOLFDGDVjUHWHQomRGHiJXDWrPPRVWUDGR
UHVXOWDGRVVXSHULRUHV1(772
2XWUDPDQHLUDGHDXPHQWDUDH[DWLGmRHDSUHFLVmRGH)37VpSRUPHLRGRVGHQRPLQDGRVensembles de 
modelos8PensemblepXPPRGHORFRPSRVWRSRUYHUV}HVDFXUDGDVHGLYHUVL¿FDGDVGH)37VDRLQYpVGHXPD
~QLFD IXQomR$PpGLDGDV UHVSRVWDVSURYLGDVSRU WRGRVRVPRGHORVFRPSRQHQWHVp WLSLFDPHQWHD UHVXOWDQWH
provida pelo ensemble(PJHUDODYDQWDJHPGHDGRWDUensemblespRDXPHQWRGDDFXUiFLDHRXGDSUHFLVmRGDV
HVWLPDWLYDV1HWWRDYDOLRXXPD)37EDVHDGDHPXPensembleGH0/3VFRQVWUXtGRSHORPpWRGRFOiVVLFR
FRQKHFLGRFRPRBagging%5(,0$1&RUURERUDQGRDWHRULDRVUHVXOWDGRVSRUHOHREWLGRVIRUDPOLJHLUD-
PHQWHPHOKRUHVGRTXHFRPDSHQDVXPD0/3
5HFHQWHPHQWHXPQRYRPpWRGRSDUDFRQVWUXomRGHensemblesGHQRPLQDGR³EDVHDGRHPURWDomR´5%
GRLQJOrVRotation-BasedWHPGHPRQVWUDGRGHVHPSHQKRVXSHULRUDRXWURVFOiVVLFRV52'5t*8(=$/2162
LQFOXLQGRBagging2PpWRGR5%SURGX]UHVXOWDGRVSURPLVVRUHVSRUPHLRGDGLYHUVL¿FDomRGHURWDo}HV
SURSRUFLRQDGDVSRUWUDQVIRUPDo}HVEDVHDGDVQDH[WUDomRGHFRPSRQHQWHVSULQFLSDLV$QWHDHVVHSRWHQFLDOGHGH-
VHPSHQKRVXSHULRURSURSyVLWRGHVWHWUDEDOKRIRLDYDOLDURPpWRGR5%QDWDUHIDGHDMXVWDUXPD)37EDVHDGDHP
um ensembleGH0/3VSDUDHVWLPDUDUHWHQomRGHiJXDHPVRORVGHXPDPLFUREDFLDGH6mR3DXOR
2. Materiais e Métodos
2VVRORVXWLOL]DGRVIRUDPDPRVWUDGRVGDPLFUREDFLDKLGURJUi¿FDGRULEHLUmR&DQFKLPVREWUrVGLIHUHQWHV
FRQGLo}HVGHPDQHMRVHPFREHUWXUDYHJHWDOFRPFREHUWXUDHGHPDWD$VFODVVHVGHVRORVIRUDP/DWRVVROR9HU-
PHOKR(XWUy¿FRH'LVWURIpUULFR1LWRVVROR9HUPHOKR(XWURIpUULFRH/DWRVVROR9HUPHOKR$PDUHOR'LVWUy¿FR3DUD
FDGDFODVVHPDQHMRXPDWULQFKHLUDIRLFDYDGDSDUDFROHWDGHDPRVWUDVLQGHIRUPDGDVHPFLQFRSURIXQGLGDGHV
HP$GHWHUPLQDomRGDUHWHQomRGHiJXDGHFDGDWULSODclasse-manejo-profundidadeGRVVRORVIRL
UHDOL]DGDSHORPpWRGRSDGUmRGDFkPDUDGH5LFKDUGVVXEPHWHQGRRVjVWHQV}HVGHH
03D
$VGHWHUPLQDo}HVGDVIUDo}HVGHDUJLODVLOWHHDUHLDSDUDFDGDclasse-manejo-profundidadeIRUDPUHDOL-
]DGDVFRPDX[tOLRGHXPDQDOLVDGRUJUDQXORPpWULFR9$=HWDO$GHQVLGDGHGRVRORIRLREWLGDSRUPHLR
GRVSURFHGLPHQWRVSURSRVWRVSRU/HPRVH6DQWRV'HVVDIRUPDDEDVHGHGDGRVXWLOL]DGDQHVWHWUDEDOKRIRL
FRQVWLWXtGDSRUDPRVWUDVLQVWDQFLDGDVSDUDFDGDclasse-manejo-profundidade para as variáveis independentes 
SURSULHGDGHVEiVLFDVGHSURIXQGLGDGH WHQVmRșGHQVLGDGHDUHLDVLOWHHDUJLODDVVLPFRPRSDUDDYDULiYHO
GHSHQGHQWHGDUHWHQomRGHiJXDREWLGDSHORPpWRGRSDGUmR$UHIHULGDEDVHGHGDGRVIRLDPHVPDXWLOL]DGDSRU
1HWWRH[FOXLQGRRDWULEXWRGHUHVLVWrQFLDjSHQHWUDomRGRVROR
3DUDDQiOLVHVHFRPSDUDo}HVIRLXWLOL]DGDDIHUUDPHQWD:HND+$//HWDO2SURFHGLPHQWRGH
YDOLGDomRFUX]DGDHPfoldsIRLUHSHWLGRYH]HVSDUDREWHQomRGDVHVWLPDWLYDVGHGHVHPSHQKRHPP~OWLSODV
DOHDWRUL]Do}HVGHSDUWLFLRQDPHQWR2VGHVHPSHQKRVREWLGRVSHORBackpropagation %30/3BaggingH5%IR-
ram comparados estatisticamente usando o WHVWHWSDUHDGRPRGL¿FDGRFRPQtYHOGHVLJQL¿FkQFLDGH$PpWULFD
GHGHVHPSHQKRDGRWDGDIRLR(UUR$EVROXWR0pGLR($02FRH¿FLHQWHGHGHWHUPLQDomRUPpGLRIRLFDOFXODGR
SDUDHOXFLGDUDIRUoDGDUHODomRHQWUHYDORUHVPHGLGRVHSUHGLWRVSHORVPRGHORV
2VSDUkPHWURVGRVPpWRGRVBaggingH5%IRUDPRVSUHGH¿QLGRVQR:HND2VWDPDQKRVGRVensembles 
IRUDPGH0/3V$VWRSRORJLDVGDV0/3VIRUDPDVPHVPDVSDUDWRGRVRVDOJRULWPRVDYDOLDGRVHOHPHQWRV
QDFDPDGDGHHQWUDGDQHXU{QLRVQDFDPDGDLQWHUPHGLiULDHQHXU{QLRQDFDPDGDGHVDtGD)RUDPXWLOL]DGDV
pSRFDVQRWUHLQDPHQWR2VGHPDLVSDUkPHWURVGRDOJRULWPRBackpropagationIRUDPDTXHOHVSUHGH¿QLGRV
QDIHUUDPHQWD
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3. Resultados e Discussão
2V($0VHVHXV UHVSHFWLYRVGHVYLRVGDVHVWLPDWLYDVGHșREWLGRVSDUDRV WUrVPpWRGRV DOJRULWPRV
VmRDSUHVHQWDGRVQD)LJXUD2VPpWRGRV%30/3BaggingH5%IRUDPFRPSDUDGRVSDUDSDUSDUDGLIHUHQoDV
HVWDWLVWLFDPHQWHVLJQL¿FDWLYDVĮ 2VFtUFXORVLQWHUQRVjVEDUUDVLQGLFDPTXHR($0GDUHVSHFWLYDEDUUDGR
PpWRGRIRLVLJQL¿FDWLYDPHQWHPHQRUGRTXHRV($0VGRVPpWRGRVHTXLYDOHQWHVjVFRUHVGHSUHHQFKLPHQWRGRV
FtUFXORV
)LJXUD'HVHPSHQKRHPYDOLGDomRFUX]DGDGRVPpWRGRVQDHVWLPDWLYDGHUHWHQomRGHiJXD
'LIHUHQWHPHQWHGRVUHVXOWDGRVREWLGRVSRU1HWWRBaggingDSUHVHQWRXRSLRUGHVHPSHQKRQDFRP-
SDUDomRFRP%30/3HDLQGDPDLVDFHQWXDGRFRP5%H[LELQGR($0VLJQL¿FDWLYDPHQWHVXSHULRUDRV
demais nas comparativas resultantes do teste t3RURXWURODGRRPpWRGR5%DSUHVHQWRXXP($0OLJHLUD
PDVVLJQL¿FDWLYDPHQWHPHQRUQDFRPSDUDomRFRP%30/3HGHPDQHLUDDLQGDPDLVGLVFUHSDQWHFRPUHVSHLWRD
BaggingFRUURERUDQGRDVXSHULRULGDGHHVSHUDGDHPUHODomRDRVGHPDLV
2VGHVYLRVGHVYLRSDGUmRH[LELGRVQRWRSRGDVEDUUDVGRJUi¿FRGD)LJXUDWDPEpPLQGLFDPTXHR
PpWRGR5%DSUHVHQWDXPDYDULkQFLDOLJHLUDPHQWHLQIHULRUDRGH%30/3HFRQVLGHUDYHOPHQWH
PHQRU HP UHODomR DBagging $GLFLRQDOPHQWH RV FRH¿FLHQWHV GH GHWHUPLQDomRPpGLRV GH%30/3
BaggingH5%IRUDPUHVSHFWLYDPHQWHH(VVHVDFKDGRVLQGLFDPTXHRPpWRGR5%DOpPGDPDLRU
H[DWLGmRFRQWULEXLSDUDPDLRUSUHFLVmRPHQRUYDULDELOLGDGHGDVHVWLPDWLYDVGDUHWHQomRGHiJXDQRVROR
4. Conclusões
2PpWRGR5%WHPDSUHVHQWDGRUHVXOWDGRVSURPLVVRUHVHPDSOLFDo}HVGHGLYHUVDVQDWXUH]DV1HVWHWUDED-
OKRR5%IRLDYDOLDGRQRGHVHPSHQKRGHXPD)37FRPGDGRVGHXPDPLFUREDFLDKLGURJUi¿FDGH6mR3DXOR2VUH-
VXOWDGRVREWLGRVVmRDQLPDGRUHV2($0GHYDOLGDomRHVWLPDGRIRLLQIHULRUDPmYDORUVLJQL¿FDWLYDPHQWH
PHQRUGRTXHRVGHPDLVPpWRGRVFRQVLGHUDGRVQDVFRPSDUDWLYDV$YDULkQFLDWDPEpPVRIUHXUHGXomRLPSRUWDQWH
HRFRH¿FLHQWHGHGHWHUPLQDomRPpGLRIRLRPDLRUHPUHODomRDRVGHPDLV2VUHVXOWDGRVREWLGRVLQGX]HP
GXDVDVVHUo}HVRPpWRGR5%pSURPLVVRUSDUDFRQVWUXomRGH)37VEDVHDGDVHPensembles de maiores acurácia 
HSUHFLVmRD)37EDVHDGDQRensembleFRQVWUXtGRSHOR5%SHUPLWHXPDHVWLPDWLYDUHODWLYDPHQWHDFXUDGDH
SUHFLVDGDUHWHQomRGHiJXDGRVVRORVVLPLODUHVDRVREWLGRVQDPLFUREDFLDKLGURJUi¿FDGR&DQFKLPHFRQVHTXHQ-
WHPHQWHDHODERUDomRGDVFXUYDVGHUHWHQomR
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